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The transition from oocyte to embryo is among the most enthralling
events in developmental biology. Recent studies of this transition in the
nematode Caenorhabditis elegans have revealed how conserved
kinases administer the destruction of key oocyte meiotic regulators to
create an embryo.David Greenstein and
Laura A. Lee
The dichotomy between meiosis
and mitosis is one challenge every
student of biology struggles with
at exam time. For the female germ
cell, juggling the logistics of
meiosis and mitosis is part of the
job description. Her first decision
is when to enter the meiotic
pathway and differentiate so as to
be fully provisioned with nutrients,
‘house-keeping’ gene products
and maternal determinants
needed to support development
and patterning of the embryo.
Later on, when summoned by
reproductive hormones, the cell
must successfully complete
meiosis and prepare for ovulation
and fertilization. As a fledgling
zygote, the cell’s post-meiotic
cytoplasm must not only support
the rapid mitotic cell divisions
needed to populate the embryo,
but it must also mediate the
establishment of embryonic
polarity. The events during this
limbo between oocyte and
embryo are intensively studied,
because defects in human female
meiosis are the leading cause of
miscarriage and Down syndrome.
The oocytes of most animal
species arrest during meiotic
prophase and complete meiosis in
response to intercellular signaling
in a process called meiotic
maturation. Oocyte meiotic
maturation is defined by the
transition between the final stage
of prophase and metaphase of
meiosis I, and is accompanied by
nuclear envelope breakdown and
meiotic spindle assembly
(Figure 1A). In the nematode
Caenorhabditis elegans, the
processes of meiotic maturation,ovulation and fertilization are
temporally coupled: sperm use
the major sperm protein (MSP) as
a hormone to trigger oocyte
meiotic maturation, and in turn,
the maturing oocyte signals its
own ovulation, leading toFigure 1. Control of the oocyte-to-embryo transition in C. elegans.
(A) Sequence of events during the oocyte-to-embryo transition, encompassing meiotic
maturation, fertilization, completion of meiosis and polarity establishment. (B) Destruction
of oocyte meiotic regulators during the oocyte-to-embryo transition. See text for details.
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Current Biologyfertilization. Fertilization both
launches the embryonic program
and serves as the initial polarity
cue.
Our understanding of cell-cycle
control owes much to classic
studies in amphibian oocytes that
led to the discovery of the
maturation promoting factor
(MPF) [1]. Genetic and molecular
analysis of the cell cycle, together
with purification of MPF, showed
that cyclin-dependent protein
kinases universally drive cell-cycle
transitions during mitosis and
meiosis. Several exciting new
papers [2–4] have now
established a link between control
of cell-cycle progression during
the oocyte-to-embryo transition
Current Biology Vol 16 No 3
R94and embryonic polarity-generating
mechanisms in C. elegans. These
studies show that several highly
conserved and well-studied
regulatory protein kinases,
including the dual-specificity YAK-
1-related kinase (DYRK) MBK-2
and the cyclin-dependent kinase
CDK-1, promote ubiquitin-
mediated degradation of key
oocyte meiotic regulators so as to
allow asymmetric cell division and
the segregation of developmental
determinants, key events of early
embryogenesis.
In C. elegans, the assembly of
female meiotic spindles and their
translocation to the cortex
depend on MEI-1/MEI-2 katanin
[5,6], a dimeric microtubule-
severing AAA-ATPase first purified
from sea urchin eggs [7]. The
inappropriate inclusion of katanin
in mitotic spindles is lethal,
because it cuts the astral
microtubules that are required for
proper spindle orientation and
asymmetric partitioning of cell-
fate determinants. Following
meiosis, katanin is purged from
the mitotic embryo via protein
degradation mediated by a CUL-
3/MEL-26 E3 ubiquitin ligase
complex [8,9], in a process that
requires MBK-2 [10–12].
Stitzel et al. [4] report new
insights into how katanin
destruction is precisely regulated
during the oocyte-to-embryo
transition (Figure 1B). They have
shown that MBK-2 directly
phosphorylates katanin’s MEI-1
subunit to stamp it ‘for
degradation’. In vivo
phosphorylation precedes, and is
required for, elimination of MEI-1
from the mitotic embryo. A
surprising finding is that MEI-1
phosphorylation does not require
fertilization; rather, CDK-1
activation is necessary and
sufficient to direct MEI-1
phosphorylation by MBK-2, and
the anaphase-promoting
complex/cyclosome (APC/C) is
also required. How do CDK-1 and
APC/C promote MEI-1
phosphorylation by MBK-2? MBK-
2 undergoes a striking
redistribution shortly after
chromosome segregation in
anaphase I, as it travels from the
cell cortex to intracellular puncta
[11,13]. This translocationdepends on CDK-1 and the
APC/C, but not fertilization, and
likely parallels MBK-2 kinase
activation [4,13]. These data
establish an important link
between meiotic M phase
regulators and degradation of
MEI-1, which would otherwise
interfere with mitotic spindle
function and with generation of
asymmetry in the embryo.
During the first cell division,
germ plasm components are
asymmetrically segregated to the
germline blastomere. Germ plasm
allocation also relies on culling
machinery that eliminates
germline determinants from
somatic blastomeres [14,15].
MBK-2 is required for this
partitioning mechanism as PIE-1,
a TIS-11 CCCH-type zinc finger
protein required for specification
of the germ line, becomes
stabilized in somatic blastomeres
in mbk-2 mutant embryos [10–12].
PIE-1 is tagged for degradation in
somatic blastomeres by a novel
E3 ubiquitin ligase complex that
contains CUL-2 and the substrate
specificity factor ZIF-1, a SOCS-
box protein [15].
How MBK-2 controls the
destruction of PIE-1 has remained
elusive. Shirayama et al. [3] have
now provided a critical missing
piece of the puzzle, by showing
that OMA-1, a central regulator of
oocyte meiotic maturation and
itself a TIS-11 CCCH-type zinc
finger protein [16], functions to
block ZIF-1-dependent
degradation of PIE-1 until the
oocyte-to-embryo transition is
completed (Figure 1B). MBK-2’s
role is in targeting OMA-1 for
destruction after its meiotic duties
have been completed to promote
asymmetric partitioning of cell-
fate determinants. OMA-1
degradation depends on a CUL-
2/ZYG-11 E3 ubiquitin ligase
complex [3,14] distinct from the
complex that mediates PIE-1
degradation. Importantly, Nishi
and Lin [2] found that MBK-2 is
directly required for OMA-1
phosphorylation leading to its
degradation in vivo. Dominant
oma-1 mutations in a DYRK
consensus site block OMA-1
phosphorylation [2–4] and cause
OMA-1 stabilization during
cleavage divisions, resulting inembryonic patterning defects and
ectopic accumulation of maternal
cell-fate determinants [17].
Intriguingly, OMA-1 degradation
requires multiple conserved
protein kinases in addition to
MBK-2, including GSK-3, KIN-
19/CK1α, and CDK-1/CYB-3 [2,3].
Phosphorylation of OMA-1 by
MBK-2 may prime OMA-1 for
phosphorylation by GSK-3 and
CK1α. How CDK-1/CYB-3
functions to promote OMA-1
degradation remains to be
determined, but its involvement
highlights how cell cycle
progression and embryonic
patterning go hand-in-hand during
the oogenesis-to-embryogenesis
transition. Drosophila CDK1 has
similarly been shown to regulate
polarity of neuroblasts,
suggesting a more universal role
for this kinase in the generation of
asymmetry [18].
Remarkably, the requirement for
CDK-1 in facilitating OMA-1
degradation is genetically
separable from its well-
established role in promoting cell
cycle progression. Specifically,
Shirayama et al. [3] isolated
maternal-effect lethal cdk-1 alleles
that cause a mutant phenotype in
which meiotic maturation and cell
division processes are normal, but
there is a failure to degrade OMA-
1 or properly partition germ plasm
components; in contrast, MEI-1
degradation appears to occur
normally. Thus, these non-null
alleles may specifically disrupt the
ability of CDK-1/CYB-3 to
phosphorylate critical substrates
in the polarity-generating process.
Why are so many kinases
needed for the oocyte-to-embryo
transition? This complexity may
serve to coordinate meiotic
progression with the generation of
embryonic polarity. Perhaps there
are surveillance mechanisms that
rein in the polarizing forces until
meiosis is completed. In this
regard, CDKs and DYRK kinases
seem well tailored for driving
irreversible developmental
transitions. CDKs are highly
regulated by phosphorylation and
association with cyclins, and
DYRK-family kinases have
recently been shown to be
regulated by a novel ‘one-off’
inceptive event:
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R95autophosphorylation of a critical
activation-loop tyrosine by a
transient intermediate that only
forms during translation [19]. In
the future, we expect further
conceptual advances in our
understanding of the link between
the cell cycle and cell-fate
specification from studies of the
remarkable and well-organized C.
elegans female germ cell.
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DOI: 10.1016/j.cub.2006.01.028does the brain create unity in our
perception despite paired sensory
organs? And, more generally, how
could any biological circuitry
create a subjective percept? In
recent years, a theoretical
framework has arisen to study the
scientific basis of conscious
perception [3]. Experimental
techniques ranging from single-
cell recordings in laboratory
animals to functional magnetic
resonance imaging (fMRI) in
humans have sought to identify
specific neural correlates of our
visual experience. Typically, such
experiments involve tracking
activity in the brain under
conditions where perception
wavers despite an unchanging
sensory stimulus.
Particularly prominent in recent
years has been the study of
binocular rivalry, where paired,
but conflicting, monocular visual
patterns are presented
simultaneously to the two eyes
[4]. Under such conditions,
